Abstract-Targets for Inertial Confinement Fusion (ICF) typically consist of a hollow, spherical capsule filled with a mixture of hydrogen isotopes. mically, these capsules are irradiated by short, intense pulses of either laser light ("direct drive") or laser-generated x-rays (' ' indirect drive"), causing them to implode. This compresses and heats the fuel, leading to thermonuclear fusion. This process is highly sensitive to hydrodynamic (e.g., Rayleigh-Taylor) instabilities, which can be initiated by imperfections in the target. Thus, target capsules must be extremely spherical and smooth. One of the lead capsule designs for the National Ignition Facility, a 1.8 MJ laser being built at Livermore, calls for a 2-mmdiam c a p sule with a 15O-pm-thick copperdoped beryllium wall. These capsules can be fabricated by sputter depositing the metal onto a spherical plastic mandrel. This results in surfaces with measured Rq's of 50 to 150 nm, as measured with an atomic force microscope. For optimal performance the roughness should be below 10 nm rms. We have begun studying the use of ion cluster beam polishing as a means of improving the surface finish of asdeposited capsules. In this approach, a batch of capsules would be agitated in a bounce pan inside a vacuum chamber during exposure to the cluster beam. This would ensure a uniform beam dose around the capsule. We have performed preliminary experiments on both Be flats and on a stationary Be capsule. On the capsule, the measured R went from 64 nm before polishing to 15 n m after. This resulj was obtained without any effort at process optimization. Similar smoothing was observed on the planar samples.
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I. INTRODUCTION

EXPERIMENT
To evaluate cluster polishing on materials of interest to the ICF program, we used both planar and spherical Be samples. The planar sample was a -5-p-thick layer of Be sputter-deposited onto an as-received Si wafer. The spherical sample was a 1-mm-diam plastic shell with an 80-p-thick coating of Be. The spherical sample was glued to an aluminum SEM stub, so only the pole was bombarded normal to the surface.
a Laval nozzle into a high-vacuum chamber following collimation by a skimmer [6]. Ions are formed by electron-impact ionization, and an electrostatic retarding potential is used to mass-select the clusters. Fig. 3 shows a schematic view of the apparatus. Both samples were subjected to a dose of 5x1016 ions/cm2 of argon cluster ions at 20 keV. The samples were measured before and after exposure with a Digital Instruments Dimension 3000 AFM.
rn. RESULTS   Fig. 4 shows 5-p-square AFM images of the planar sample before and after cluster ion bombardment. Prior to exposure, the surface roughness was 18 nm rms, and after, it improved to 3.6 nm. Fig. 5 shows the same surface, but at 5X higher magrufication. Note that the substructure visible in Fig. 5a is still evident in Fig. 5b , even though the larger-scale topography has been greatly reduced. Fig. 6 shows before and after AFh4 images taken from the pole of the spherical sample. The initial roughness was much greater, 64 nm rms, but sigruficant improvement was still achieved (down to 15 . This sample also demonstrates the importance of the angle of incidence of the clusters. Fig. 7a shows an SEM image of the capsule surface prior to cluster ion bombardment. Fig. 7b shows a region near the pole (as in Fig. 6b) , while Fig. 7c shows an image taken roughly 45" down the side of the capsule. There is clearly an increase in the roughness relative to the pole, a phenomenon which has been observed in angle-of-incidence studies.
Iv. CONCLUSIONS
Cluster ion beam polishing is a promising technology for improving the surface finish of beryllium target capsules for ICF applications. As compared to conventional polishing, thelechnique offers the benefits of compatibility with the fabrication process (i.e., cluster bombardment could be applied to batches of capsules Although significant smoothing of sputter-deposited Be films has been observed, polishing of capsules represents a unique challenge, since smoothing and roughening occur simultaneously on different parts of the surface. The portion of the capsule where the clusters are incident normal to the surface becomes smoother, while those areas subject to glancing bombardment become rougher. It is likely that because of the reduced sputter yield at such glancing angles, net smoothing will result when this technique is applied to a moving capsule, but this remains to be tested.
